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ETHYL CORPORATION A-9I- 4:
Health and Environment Department , V- D- /
. A;rcmwﬁon Decemb_er 18, 1991 Ethyl Tower

451 Flarigs Sireet
Baton Rouge, LA 70001

FAX; 202/260-0106

Dr. Peter Preuss

EPA - ORD, Director

Office of Technology Transfer
and Regulatory Support

Dear Dr. Preuss:

Enclosed is an expanded explanation of the information contained in Attachment
3 to D. R. Lynam’s letter to you dated December 12, 1991. The information deals with
differences in solubility/bioavailability of various manganese compounds. As you can see
fromn the information, there is no reason to believe that the R,C for manganese
underestimates the hazard associated with exposures to Mn,0,. If anything, the R,C
overestimates the hazard.

If you have any questions, please call either Don Lynam at 504/338-8008 or me at
504/388-7565.

Sincerely,

Gerard D, Pfeifer, Ph.D., CIH
Senior Research Associate

GDP:cr
cc: K. L. Fast - 202/778-2201 (FAX)
D. R. Lynam

Carl Mazza - EPA

J. G. Smith - Ethyl D.C. (FAX)
Mary T. Smith - EPA

G. L. Ter Haar

Kevin Teischman - EPA
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Effect of Mixed Manganese Compounds on Toxicity

For a substance to be systemically toxic, it must be taken up by the body.
Therefore, a substance must be bioavailable, that is, have the ability 10 cross biological
membranes and enter the gencral circulation. At least for inorganic compounds, such as
manganese oxides and salts, bioavailability is a function of solubility. In general, the

more soluble a compound, the more bioavailable it is and therefore more lxkely to be
able to produce adverse effects.

An excellent example of this involves the differences in solubility between lead
oxide (PbO) and lead sulphide (PbS). Roy (1977) showed that workers exposed to the
very insoluble lead sulphide had blood lead levels much lower than workers exposed to
the rather soluble PbO at about the same levels.!"). The difference in uptake between
PbO and PbS are a result of the difference in solubilities.

In general, manganese oxides are rather insoluble and are therefore are only
poorly absorbed into the body. This led EPA to the conclusion that:

"Obviously, insoluble manganese oxide is less toxic than several of the
soluble compounds..."®

It is important to note that the terms “soluble" and "insoluble" are relative terms.
Even though MnO, Mn,0;, MnO, and Mn,0, are all listed as "insoluble” in handbooks
(see attachment from CRC Handbook of Chemistry and Physics for example), some of
these oxides are orders of magnitude more soluble than others, Some have more
potential to be of biological importance than others. The solubilities or solubility
product constants (K,p) have been reported for several manganese oxides. These have .
been determined in wcll defined situations, i.e. distilled water, low ionic strength,

specified pH and temperature, etc. which provide a measure of relative solubilities of
these compounds. .

The K,, data reported is as follows:®

MnO + H,0 - Mn(OH), = Mn** + 2(OHY K, =2x 107
MnCQ, = Mn** + CO;* K, = 88x 101
Mn(OH), = Mn** + 3(OH) K, = 1x10%

From these Ksp’s, we can calculate the molar concentration of these oxides in a saturated
solution (solubility). The results are as follows:

MnO 1.1 x 10 moles/liter
MnCO, 9.4 x 10 moles/liter

Mn(OH), 1.1 x 10® moles/liter
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In addition, Swain et al.*) has determined the solubility of MnO, to be 2 x 10

moles/liter at pH 7.0, approximately the pH of blood (about 7.4), No data have been
reported on solubility of Mn;O,.

If blood acted like distilled water in regard to the solubility of ménganesc oxides,

saturated solutions of the compounds listed above would contain the following amounts
of manganese:

MnO Mn?* 600 ug/dl
Mn(OH), Mn®* 0.06 ug/di
MnO, Mn?* /Mn®* 11 ug/dl

(Note: Mn** is unstable and quickly becomes reduced in solution.)

These data show that MnO is 10,000 times more soluble than Mn(OH),, even
though both are listed as insoluble.

The primary manganese oxide of interest is Mn,O,. The nominal valence of
manganese in this compound is +2 2/3. A more accurate represcntation is
Mn**Mn,**Q, or MnO+Mn,0,. This compound exists in the solid state, but does not
exist in solution. The crystal lattice must be broken down for solubilization to occur.
Any Mn,0, that ends up in solution does so only as MnO and Mn,0,. MnO and Mn,0,
would have 10 go into solution in equal molar quantities, that is, MnO could not go into
solution selectively leaving Mn,O, as a residue. Since Mn,O, gives Mn®* in solution, and
because Mn** is much less soluble than MnO, the dissolution of Mn,0O, would be the
limiting factor in the solubility of Mn,O,. It is also important to note that Mn,0O,, as
such, cannot enter the body and never appears as such in the body, Adverse effects of
manganese must be a result of Mn?* or Mn** and as we have seen, Mn** (from MnO)
may enter the body much more easily than Mn’* from oxides.

Therefore, Mn,O, would be taken up slowly (as MnO and Mn,Q,), if at al), from
lung tissue. If inhaled, it would either (1) be deposited in the upper respiratory tract; (2)
be deposited in the alveolar regions, or 3) be exhaled without being deposited. If the
material is deposited in the upper respiratory regions, it would be removed by action of
the mucocilliary elevator mechanism, enter the gut and would be handled as ingested
material. That Mn,O, deposited in the alveolar regions, being insoluble, would be
engulfed by macrophages and removed. This material would also enter the gut and
would be handled identically to ingested material.

For a substance to be systemically toxic, it must be taken up by the body.
(Toxicologically speaking, the gut is external to the body.) As Loomis states in regard to
the gastrointestinal tract: “Although it is within the body, its contents are essentially
exterior to the body fluids. Therefore, chemicals in the gastrointestinal tract could
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produce an effect only on the surface of the mucosal cells that line the tract, unless
absorption from the gastrointestinal tract took place.

Because the amount of manganese ingested is many times that inhaled (3,000-
5,000 ug ingested/day versus 1 ug inhaled/day assuming an average exposure of 0.05

ug/m%), e inhaled manganese contributes virtually nothing to the body burden of
manganese.

These conclusions have been borne out in several primate studies involving
exposure to various manganese compounds by different routes. In general, manganese
oxides can produce toxic effects only when large amounts are injected into the monkey.©®
Feeding and inhalation studies involving primates and massive doses of oxides of
manganese have generally been negative.” A study involving feeding large quantities of
various manganese compounds to rodents showced that soluble forms (chloride and
acetate) caused adverse effects (decreased body weight gain, lowered red blood cell
count) while insoluble forms (carbonate and dioxide) did not cause these effects.®
These results strongly suggest that these insoluble compounds are unable to enter the
body by normal routes. They also suggest that studies involving mixed manganese

compounds may well overestimate the toxicity of insoluble manganese oxides, especially
Mn,0,.

The Roels-Lauwerys study, on which the R,C was based, involved exposures to
MnO, MnO,, Mn;0,, MnCO,, and MnSO, (which is very soluble). Detailed information
from SEDEMA, included in Donald R. Lynam’s letter to Peter Preuss of December 12,
1991, shows that most exposure was to MnO which is much more biologically available
than Mn,O,. Therefore, there is no justification for believing that the R,C derived for
"manganese" based on the Roels study underestimates the hazards of exposure to Mn,O,.

G. D. Pfeifer
December 18, 1991
GDP:cr
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